In this study, the interaction energy between Triton X-114 surfactant + methylene blue or water and methylene blue + water was investigated using Hartree-Fock (HF) theory with 6-31G * basis set. The results of structures and interaction energies show that these complexes have good physical and chemical interactions at atom and molecular levels. However, the Triton X-114 surfactant + methylene blue complex shows stronger molecular interaction compared to other complexes systems. The order of the interaction energy is 4303.472023 (Triton X-114 surfactant + water) > − 1222.962 (methylene blue + water) > − 3573.28 (Triton X-114 surfactant + methylene blue) kJ⋅mole −1 . Subsequently, the cloud point extraction was carried out for 15 ppm of methylene blue in a mixture at 313.15 and 323.15 K over the surfactant concentration range from 0.01 M to 0.1 M. From the measured data, the excess molar volume was calculated for both phases. The results show a positive deviation in the dilute phase and a negative deviation in the surfactant rich phase. It is confirmed that the interaction between Triton X-114 and methylene blue is stronger than other complex systems due to the presence of chemical and structural orientation. The concentration of dyes and surfactant in the feed mixture and temperature effect in both phases has been studied. In addition, the thermodynamics feasibility and efficiency of the process have also been investigated.
Introduction
The removal of dyes such as methylene blue (MB) from industrial wastewater before discharge is of uttermost importance. Organic dyes colorize other substances in water, making them visible and aesthetically unpleasant [1] . Besides, photosynthetic activities are hampered due to interference with sunlight penetration into water bodies, thus affecting fish and other aquatic organisms. Ghosh and Bhattacharyya [2] reported that MB is not strongly hazardous but it has very harmful effects on living things. Therefore, the removal of MB from waste water is an essential task. Some of the dyes are carcinogenic and mutagenic due to their molecular structure, functional group, and types such as benzidine and metals [3] . There are serious adverse effects with far-reaching consequences that are attributed to MB. The contact with eye can lead to permanent blindness to human and animals, experiencing short period of rapid or difficult breathing when inhaled, burning sensation when ingested through mouth, and causes other adverse conditions such as nausea, vomiting, profuse sweating, and mental confusion.
Due to recent increase in industrial activities such as textile manufacturing, the use of dyes increases rapidly. The most recent statistics [4] indicated rapid use of these dyes with more than 10,000 different types of dyes being produced. They reported a global annual manufacture of these dyestuffs and intermediates estimated to be 7 × 10 8 kg. Therefore, the removal of dyes from wastewater is gaining research interest. Removal of these dyes from wastewater effluents is problematic as they possess a complex aromatic chemical structure that makes them highly visible and reduced photosynthetic activity in aquatic systems by reducing light 2 Journal of Thermodynamics penetration. Several methods have been employed. Some of these techniques are chemical coagulation or flocculation, ozonation, adsorption, oxidation processes, nanofiltration, chemical precipitation, ion-exchange, reverse osmosis, and ultrafiltration. All of these methods either are operationally expensive, inefficient in the removal of the dyes, or create disposal problems. In the last decade, increasing interest in the use of aqueous micellar solution has been found in the field of separation science [5] . Cloud point extraction (CPE) can be used for removing dye from aqueous solution. Such a method offers some advantages over conventional liquidliquid extraction (LLE), including high extraction efficiency, ease of waste disposal, and the use of nontoxic and less dangerous reagents such as surfactant. Above the cloud point temperature, aqueous solution of a nonionic surfactant separates into two phases, namely, a surfactant rich phase, which has small volume compared to the solution and is called coacervate phase, and the other is dilute bulk aqueous phase containing surfactant concentration slightly above the critical micelle concentration (CMC) [6] . The dye molecules present in aqueous solution of nonionic surfactant are distributed between the two phases above the cloud point temperature [7] . This phenomenon is known as the cloud point extraction (CPE). The dyes are solubilized in the coacervate phase, and the dye free aqueous dilute phase can be disposed of.
The physical properties of binary mixtures have been studied for many reasons. The most important reason is to provide information about the molecular interactions between similar and dissimilar structure of the molecules in the mixture [8] . In addition, the density, viscosity, and refractive index are essential to understand the thermodynamic behavior of solute or solvent in liquid mixtures [9] [10] [11] [12] [13] . The study of excess thermodynamic properties is of considerable interest in understanding the intermolecular interactions in liquid mixtures [14] . For example, excess molar volumes, which depend on the composition and/or temperature, are of great importance in understanding the nature of molecular aggregation that exists in the mixtures.
is the resultant contributions from several opposing effects [15] . These may be divided arbitrarily into three types, namely, chemical, physical, and structural ones. Physical contributions, which are nonspecific interactions between the real species present in the mixture, contribute a positive term to . The chemical or specific intermolecular interactions result in a volume decrease, and these include charge-transfer type forces and other complex forming interactions. This effect contributes negative values to . The structural contributions are mostly negative and arise from several effects, especially from interstitial accommodation and changes of free volume. In other words, structural contributions arising from the geometrical fitting of one component into the other due to the differences in the free volume and molar volume between components lead to negative contribution to . The increase in excess molar volume with increasing dipole-dipole interactions is stronger in higher hydrogen bonding.
In this work, the binding energy (Table 1) in mixtures of Triton X-114 surfactant + MB, Triton X-114 surfactant + water, and MB + water complex systems were investigated using Hartree-Fock (HF) Theory with 6-31G * basis set.
Subsequently, the density, viscosity, and refractive index were measured at different concentrations of surfactant and four different temperatures. Furthermore, the effects of various design parameters such as dye concentration, surfactant concentration, electrolyte concentration, and cloud point temperature on the phase volume ratio, preconcentration factor, distribution coefficient, and extraction efficiency were calculated (Table 1) . Lastly, various thermodynamic parameters such as the change in enthalpy, entropy, and Gibbs free energy were also determined (Table 1) .
Computational Details
MOLDEN visualization packages [16] have been used to prepare the chemical structure of Triton X-114 surfactant, MB, and water. The complex systems of Triton X-114 surfactant + MB, Triton X-114 surfactant + water, and MB + water were initially drawn by using dummy atoms. After geometry optimization, the complex system does not have dummy atoms, which makes a barrier between these two molecules at the gas phase studied. These similar concepts have been used earlier by Meng et al. [17] and Turner et al. [18] for ab initio calculations. Quantum chemical calculations were performed using Hartree-Fock (HF) Theory with 6-31G * basis set. The geometry optimizations were carried out using HF/6-31G * basis set. For the same basis set, the fundamental vibrational frequency calculations were carried out to ensure the true minimum. The total electronic energies for Triton X-114 surfactant, MB dye, water, and their complex were corrected with the basis set of superposition error using Boys-Bernardi counterpoise techniques [19] . All theoretical calculations were performed using the Gaussian 03 software package [20] .
Experimental Details
Triton X-114, purchased from Sigma Life Sciences, India, was used as a nonionic surfactant. It is a high purity (>95%) and water soluble liquid. phase separation. The density was measured using a 5 mL pycnometer. BROOKFIELD DV-II + PRO viscometer was used to measure the viscosity of the solutions. Refractive index was measured using Abbe Refractometer purchased from Guru Nanak instruments, New Delhi. The chemical structure of Triton X-114 and MB is given in Figures 1 and  2 . 50 mL of aqueous micellar solutions was prepared with different concentrations of solute and surfactant. The concentrations of solute (MB) used were 15 ppm, 25 ppm, and 50 ppm. Surfactant concentration was varied from 0.01 M to 0.1 M. 1,000 ppm of dye stock solution was prepared by taking 0.1 g of MB and making it up to 100 mL. Various concentrations of dye solutions were prepared by taking known volumes from stock solution and then diluted appropriately. The calibration of UV spectrophotometer was done using the prepared dye solutions. 50 mL batch solutions of MB and Triton X-114 surfactant were prepared by varying dye concentration and surfactant concentration. The solutions were heated above CPT until phase separation was obtained.
The cloud point of aqueous surfactant solution was determined by heating 50 mL of such molecular solutions in glass tubes. A thermostatic bath made by Technico Laboratory Products Ltd using a Honeywell controller was used to heat the solution. The rate of temperature increase in the water bath was set at 1 K per minute. The cloud point was determined by visual observation of the temperature at which the solution became obvious turbid. While heating, the temperature at which turbidity first appeared was noted down. Heating was continued until the solution became fully turbid. Then, it was cooled down until the turbidity completely disappeared and the solution became transparent. 
The possible molecular interaction at molecular level: The temperature was also noted down. The average of both readings was taken as the CPT of the solution. The experiments were repeated for different combinations of surfactant and solute concentrations. 50 mL of micellar solution containing MB and Triton X-114 was taken. The different concentrations of MB such as 15, 25, and 50 ppm, the concentration of surfactant, were varied from 0.01 M to 0.1 M. Each set of samples was kept in the thermostatic bath and maintained at the operating temperature for 30 min. Since the surfactant density is 1.058 g⋅cm −3 , therefore, the surfactant rich phase can settle through the aqueous phase. The heated solution was allowed to settle for 1 hr. The volumes of surfactant rich phase and dilute phase were noted down. Then, the concentration of MB in the dilute phase was determined by using UV spectrophotometer. The concentration of surfactant rich phase concentration was obtained from the calculation of material balance. The phase volume ratio, preconcentration factor, distribution coefficient, and extraction efficiency were then determined. The above said parameters were found at different operating temperatures.
Results and Discussion

Binding Energy.
The total electronic energy was predicted using HF/6-31G * basis set for Triton X-114 surfactant, Methylene Blue dye, water, Triton X-114 surfactant + Methylene Blue dye (Figures 3(a) and 3(b)), Triton X-114 surfactant + water, Methylene Blue dye + water. This calculation step was performed using Gaussian 03 packages. From this total energy value, the binding energy between Triton X-114 surfactant + MB (Figures 3(a) and 3(b)) and Triton X-114 surfactant + water system was calculated. The binding energy can be defined as the difference between the total electronic energy of the binary system and individual molecules ((a) in Table 1 ). The binding energy between Triton X-114 surfactant + MB and MB + water is −1222.9620 and −3573.2800 kJ⋅mole −1 , respectively. This value describes that the Triton X-114 surfactant + MB and MB + water system has reliable chemical and physical interaction. However, the binding energy of Triton X-114 surfactant + MB system is low (−1222.9620 kJ⋅mole −1 ) when compared to MB + water system (−3573.2800 kJ⋅mole −1 ) due to the strength of hydrogen bonds. On the other hand, the presence of MB in water is in ppm level. The binding energy in Triton X-114 surfactant + water is 4303.4720 kJ⋅mole −1 , which indicates that the distance between Triton X-114 surfactant and water molecules is large due to the absence of chemical and physical interaction. In addition, Triton X-114 surfactant is immiscible with water molecules, which is more favorable for effective separation of MB from water. There are also several chemical and physical interactions occurring between Triton X-114 surfactant and MB such as orbital interaction, charge-charge interaction, and hydrogen bond interaction with neutral molecules, van der Waals interaction between alkyl chain, CH-interaction, -interaction, and ninteraction ( Figure 3 (a)) [21] [22] [23] [24] . Table 2 , the dilute phase properties were found to be similar to that of water. The dye present in the solution is solubilized in the surfactant micelle present in the coacervate phase. Therefore, the dilute phase only contains small concentration of dye and surfactant, and the major component is water.
Properties of Dilute Phase and Coacervate Phase. As listed in
Density. The variation of density with surfactant concentration and temperature are given in Table 2 . The coacervate phase consists of dye, surfactant, and water molecules.
With the increase in surfactant concentration, the surfactant molecules form higher number of micelles, and the size of the micelle also increases [25] . Due to the density difference, the surfactant will settle in the coacervate phase and the surfactant content in the coacervate phase increased. As there are a larger number of micelles, more dye solute will be solubilized in the surfactant micelles. Hence, the density increases with surfactant concentration. With the increase in temperature, the solubility of the dye increased. The maximum amount of solute will be solubilized. The main reason is water molecules escape from the external layers of the micelle. As the water content decreases, the solution becomes very dense.
Viscosity. The variation of viscosity with surfactant concentration and temperature are given in Table 2 . The viscosity of Triton X-114 surfactant is 260 cp, which is very high compared to that of water (1 cp). Therefore, as the surfactant concentration increases, the surfactant rich phase becomes more viscous due to molecular attraction between similar structures of the molecules. An increase in the content of water molecules can decrease the viscosity due to the weak hydrogen bond interaction. Thus, at higher temperatures, the viscosity of the solution increases due to the removal of water molecules from the external layers of micelle. It is noted that the viscosity of the mixture strongly depends on the presence of water or moisture.
Refractive Index. It is defined as the ratio of the speed of light in vacuum to the speed of light in the medium. The refractive index increases with surfactant concentration and temperature, as given in Table 2 . It can be explained that more dye solubilized at higher temperature and surfactant concentration and there is no mobility of ions in the surfactant rich phase. As the density increases, there is a compact arrangement of the molecules in the phase, and consequently the speed of light through that medium decreases. As Journal of Thermodynamics a result, the refractive index increases. Thus, the refractive index strongly depends on the amount of dye present in the coacervate phase. A linear regression was sufficient for a reliable extrapolation for all measured quantities.
Excess Molar Volume of Dilute Phase and Coacervate
Phase. The excess molar volumes for both phases were calculated with the help of measured pure component density by using (b) in Table 1 . The value of excess molar volume, , was found to be positive in the dilute phase. In Table 2 , it is shown that values are positive, which means that there is an expansion after mixing. That is, the actual volume of the mixture is greater than the volume occupied by the individual components. The physical effects of the dye, surfactant, and water molecules present in the dilute phase contribute to the positive value of due to the presence of physical interactions. Hence, the possible physical interactions are (1) hydrophobic interactions between surfactant hydrocarbon chains dye and water curvature-dependent interfacial effects at the micellar core-water interface, (2) steric and electrostatic interactions between surfactant hydrophilic moieties, and (3) disruption of bonds between the molecules, which also makes positive contributions. As the temperature increases, there will be disruption of H-bond between the surfactant molecule and water molecules, which results in volume expansion and hence positive . Excess molar volume in coacervate phase is illustrated in Figure 8 . It is seen that values are negative, which means there is contraction after mixing. The actual volume of the mixture is less than the volume occupied by the individual components. Hence, there is a strong intermolecular force of attraction between the molecules in the surfactant rich phase. The chemical and structural effects of the dye, surfactant, and water molecules make a negative contribution. The packing effects or conformational changes of the molecules in the mixtures are more difficult to categorize. The interstitial accommodation gives negative contributions. The calculated excess molar volume values are shown linearly fit which indicated a high degree of experimental data. Table 3 shows the effect of solute and surfactant concentrations on cloud point temperature. The experiments were carried out by varying the surfactant concentration from 0.01 M to 0.1 M for 15 ppm, 25 ppm, and 50 ppm solute concentrations. The CPT first decreases and then increases with the increase in surfactant concentration. The decrease in CPT with an increase in surfactant concentration is due to the increase in molecular concentration and the phase separation results from the increased molecular interaction. After 0.06 M surfactant concentrations, the CPT starts to increase. This is because of the formation of structured surfactant Triton X-114-MB system present in the micelles at high surfactant concentrations. More energy is required to remove these "free floating" water molecules, and hence CPT increases with surfactant concentration at higher surfactant concentrations. From Table 3 , it can be observed that CPT is increased with increase in solute concentration. Because, polyoxyethlenated alkyl phenol molecules present in Triton X-114. This hydrophobic part depends on a hydrocarbon chain with different number of carbon atoms and may be linear or branched. It may also contain aromatic rings. Therefore, the surfactant concentration increased and the hydrophobicity of the ligand and of the complex formed on the apparent equilibrium constants in the micellar medium [25, 26] .
Effect of Surfactant and Solute Concentrations on CPT.
Effect of Electrolytes on Cloud Point
Temperature. Salts can promote or inhibit the dehydration process and therefore either decrease or increase the cloud point. This behavior is said to be the salting-in and salting-out phenomena. In order to study the salting-out effects, CaCl 2 and Na 2 SO 4 were used. In Figure 4 , the salting out effect of CaCl 2 is shown at 0.1 M surfactant concentration. The concentration of salt was varied from 2 to 10 wt%. Figure 5 solute concentrations of 15 ppm, 25 ppm, and 50 ppm. In the figure, it is shown that the cloud point decreases with the increase in Na 2 SO 4 and CaCl 2 concentrations. The addition of certain salts to the nonionic surfactant solution can depress the cloud point temperature by decreasing the availability of nonassociated water molecules to hydrate the ether oxygen's of the polyethylene chains. They convert free water molecules to aggregate water molecules. Along with EO groups, these salts also have a competition for water molecules. From both figures, one can notice that the Na 2 SO 4 salt is more effective than CaCl 2 . The magnitude of the effects of the anions and cations appears to depend on the radius of the hydrated ions; the smaller the radius, the greater the effects. Here, the anion of the added electrolyte appears to have a much greater effect than the cation in decreasing the solubilizing power of water. Since SO 4 2− is a polyvalent ion, it will dehydrate water more quickly from the EO chain. Hence, the effect of Na 2 SO 4 is greater than CaCl 2 [27] . As can be seen from Figures 4 and 5, a linear regression was sufficient for a reliable extrapolation and gave 2 range: 0.8799-0.9796 for CaCl 2 and 0.8370-0.9557 for Na 2 SO 4 at 0.1 M of Triton X-114.
Effect of Operating Variables on CPE Techniques.
Experiments were done by changing the operating variables such as solute and surfactant concentration, as well as operating temperature. The effects of these variations on different design parameters such as phase volume ratio ( V ), preconcentration factor ( ), efficiency ( %), and distribution coefficient ( ) were investigated. Based on the CPT, the operating temperatures chosen were 303.15, 313.15, 323.15, and 333.15 K for solute concentrations 15 ppm, 25 ppm, and 50 ppm with surfactant varying from 0.01 M to 0.1 M.
Phase Volume Ratio ( V ).
The phase volume ratio, V , is defined as the ratio of the volume of the surfactant rich phase to that of the aqueous phase ((c) in Table 1 ). The volumes of the two phases were measured using graduated cylinders. Experiments were conducted for different solute concentrations (15 ppm, 25 ppm, and 50 ppm) with a surfactant varying from 0.01 M to 0.1 M. Figure 12 shows the effect of surfactant and solute concentration in phase volume ratio. From Figure 6 , V increases with the increase in surfactant concentration and solute concentration. At constant feed dye concentration and operating temperature (323.15 K), V increases with surfactant concentration. At higher surfactant concentrations, all the added surfactant will simply go into the surfactant rich phase and the concentration of surfactant in dilute phase being constant at CMC [26, [28] [29] [30] [31] . This increases the coacervate phase volume, thereby increasing the phase volume ratio. Solute concentration only has a negligible effect on V . The phase volume ratio shows a slight increase in dye concentration at constant temperature. The plotted data shows a reliable linear regression with 2 values such as 0.9956 (15 ppm), 0.9824 (25 ppm), and 0.9941 (50 ppm). Figure 7 shows the effect of temperature on phase volume ratio. V decreases with temperature. At elevated temperatures, two opposing phenomena occur. The interaction among the Triton X-114 micelles increases due to dehydration from the external layers of micelles, resulting in a decrease in the volume of surfactant rich phase. Also, the increase of micellar aggregation number and micelle sizes results in increased solubilization of MB in the micelles [25, 26] . Depending on the solute (MB) surfactant (Triton X-114) system and the operating conditions, either of these phenomena will be predominant. At lower surfactant concentrations and high operating temperature (333.15 K), the dehydration of water molecules from external micellar layers may be predominant, thereby increasing the dilute phase volume and consequently decreasing the phase volume ratio. The surfactant concentration increases by keeping the operating temperature fixed at 333.15 K ( Table 4) . The latter phenomena, that is, the increase in micellar number and size, suppresses 
Preconcentration Factor ( ).
The preconcentration factor, , is defined as the ratio of the volume of bulk solution before phase separation ( ) to that of surfactant rich phase after phase separation ( ) ((d) in Table 1 ). Preconcentration factor is an indication of the ratio of solute concentration in feed to that in the surfactant rich phase. The higher the value of preconcentration factor is, the lesser will be the separation of solute and vice versa. Figure 8 shows the effect of surfactant and solute concentration in preconcentration factor. It is observed that the preconcentration factor decreases with the increase in surfactant concentration. As discussed earlier, surfactant rich phase volume increases with increasing surfactant concentration, thereby decreasing [32, 33] and the similar trend is also observed. As shown in Figure 8 , increases only marginally with solute concentration. At 50 ppm MB concentration, the surfactant concentration is not enough to solubilized MB in micelles and therefore the trend is below the 25 ppm of MB line. But, the above 0.9% wt of surfactant concentration increased, concentration of micelles increases, and more MB will be solubilized in micelle. On the other hand, further increase in MB concentration only results in an increase of unsolubilized in micelles as a function of surfactant concentration. Therefore, it can be concluded that the ratios of surfactant and MB play an important role in the removal of the dye.
Preconcentration factor is only slightly affected by operating temperature as evident from Figure 9 . At higher temperature, micellar aggregation number and size increase, thereby increasing surfactant rich phase volume [25, 26] . On the other hand, dehydration from the external layers of micelles at elevated temperatures reduces the surfactant rich phase volume. These two opposing phenomena act against each other so as to keep the volume of surfactant rich phase almost constant. The linear regression R 2 values were obtained greater than 0.9824 for all ppm and greater than 0.8533 for all temperatures.
Distribution Coefficient ( ).
The distribution coefficient or equilibrium partition coefficient, or , is defined as the ratio of the concentration of solute in surfactant rich phase to that of the concentration of solute in dilute phase ((e) in Table 1 ). The distribution coefficient increases with the increase in the surfactant concentration and the decrease in solute concentration. The distribution of solute depends on the specific solute (MB) surfactant (Triton X-114) interaction. If there is more interaction, then the distribution coefficient will be high. Figure 10 shows the effect of surfactant and solute concentration on distribution coefficient [32, 33] . The experiments were carried out at 303.15 K, 313.15 K, 323.15 K, and 333.15 K (Table 4) . At fixed surfactant and solute concentrations, increases with operating temperature. As the temperature increases, micellar interaction, which is repulsive at lower temperatures, becomes attractive and hence micellar aggregation number increases. This results in increased solubilization of dye into the surfactant rich phase, thus increasing the dye concentration of the phase. Hence, distribution coefficient increases with operating temperature as evident in Figure 11 . The experimental data was fitted by linear regression extrapolation and 2 values are greater than 0.951 for all surfactant concentration and temperatures.
Process Efficiency ( ).
The recovery efficiency of solute, , can be characterized as the percentage of solute extracted from the bulk solution into the surfactant rich phase ((f) in Table 1 ). Figures 12 and 13 show the effect of surfactant and solute concentration on extraction efficiency. It increases with the increase in surfactant concentration and decreases with solute concentration. As feed surfactant concentration increases, more dye will be solubilized into the micelles, thereby increasing the efficiency. When solute concentration increases at fixed surfactant concentration and operating temperature, all the added solute will remain in the dilute phase, thereby decreasing the extraction efficiency [26, [28] [29] [30] [31] . Experiments were done for various operating temperatures such as 303.15 K, 313.15 K, 323.15 K, and 333.15 K by varying the surfactant concentration and keeping the dye concentration fixed at 15 ppm (Table 4 and Figure 12 ). As shown in Figure 13 , the efficiency of extraction increases with operating temperature. This is due to the increased solubilization of dye resulting from increased micellar size and aggregation number [25, 26] . This similar trend has been observed in the study of Triton X-114-Chrysoidine system [30] . However, after 323.15 K, the effect of temperature is insignificant. It is because dehydration of water occurs from the micelle interface at higher temperatures and micelle interaction increases. As a result, the solubilization of dye cannot occur at the micelle water interface, which decreases 
Determination of Thermodynamic Parameters.
In any process, the study of thermodynamics is important since it is an indication of the feasibility of the process. It serves to identify the extent to which a process can be preceded before attaining equilibrium. Thermodynamic data may also be useful to establish the possible mechanism for CPE of various solutes. The thermodynamic parameters Δ 0 , Δ 0 , and Δ 0 for the CPE of MB using Triton X-114 were calculated using (g) and (h) in Table 1 . Δ 0 and Δ 0 were obtained from a plot of log( / ) versus (1/ ) from (h) in Table 1 . Once these two parameters were obtained, Δ 0 was determined from (g) in Table 1 . log( / ) versus 1/ graphs were plotted for various surfactant concentrations as shown in Figure 14 , where the slopes and intercepts were obtained to find Δ 0 and Δ 0 .
The Change in Enthalpy (Δ 0 ). The variations of enthalpy change (Δ 0 ) during CPE of MB at different concentrations of Triton X-114 are as shown in Figure 15 . From the figure, it may be seen that the value of Δ 0 increases with the Triton X-114 concentration. The positive values of Δ 0 indicate that the solubilization of dye is endothermic in nature ( Table 5) . The endothermic nature is also indicated by the increase in the amount of solubilization with temperature. The increase in Δ 0 value in initial surfactant concentration can be accounted for an increase in solubilization capacity [30] . The Table 5 : Change in entropy, change in enthalpy, and change in Gibbs free energy at different surfactant concentration and different temperature. Figure 16 . The entropy changes are positive (Table 5) , which reflects a good affinity of dye molecules towards surfactant micelles. For all the systems, the change in entropy (Δ 0 ) increases with surfactant concentration. Entropy depends on insolubilized dye molecules and free surfactant molecules in the CPE system. The increase in Δ 0 value in surfactant concentration is due to the increase of free surfactant molecule in the dilute phase. On the other hand, CMC of the surfactant molecule decreases with the increase in dye concentration at a fixed surfactant concentration. This similar trend has been observed by Purkait et al. [31] . The linear regression 2 value is 0.8036. Figure 17 , Δ 0 increases with temperature and decreases with surfactant concentration. In all the cases calculated, the values of free energy changes Δ 0 were found to be negative as shown in Figure 17 and it is given in Table 5 . The negative values of Δ 0 indicate that the dye solubilization process is spontaneous and thermodynamically favorable. The increase in negative values of Δ 0 with temperature implies the greater driving force of solubilization, which is confirmed by the greater extent of dye extraction with the increase in temperature [31] . The linear relationship between negative ΔG 0 as function of temperature was obtained 2 value as unity.
The Change in Gibbs Free
Conclusions
A quantum chemical calculation in this study of the binding energy between Triton X-114 surfactant and MB/Triton X-114 surfactant + water/MB + water system has been investigated. The results show that the interactions of Triton X-114 surfactant + MB and MB + water depend mainly on hydrogen bond interaction, CH-interaction, and -interaction. The absorption capacity of MB dye in the surfactant depends strongly on the structure, strength of hydrogen bonding, and a hetero atom in the surfactant. However, the calculated binding energy is directly proportional to the distance, which shows that the hydrogen bond interaction is the dominant interaction in the attractions. In addition, the cloud point extraction was carried out at a cloud point temperature, where the mixture of surfactant, water, and MB exhibited two phases. The density, viscosity, and refractive index of pure and two phases of the binary mixture were measured. From this measured density, the excess molar volume has been calculated, which confirmed the type of interaction occurred between similar and dissimilar compounds in two different phases. Furthermore, the design parameters and thermodynamics feasibility factors such as phase volume ratio, preconcentration factor, distribution coefficient, the efficiency of the process, change in enthalpy (Δ 0 ), change in entropy (Δ 0 ), and change in Gibbs free energy (Δ 0 ) have been investigated. It is concluded that the negative value of Δ 0 indicates that extraction is spontaneous and thermodynamically favorable. 
